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DETERMINING ENGAGEMENT LEVEL OF
AN INDIVIDUAL DURING
COMMUNICATION

FIELD OF THE INVENTION

The present invention relates generally to the field of
communication analysis, and more particularly to determin-
ing a level of engagement by individuals responding to
questions.

BACKGROUND OF THE INVENTION

Current healthcare service includes a large collection of
tools and tests to facilitate determination of medical condi-
tion diagnosis, insuring proper treatment. In addition,
healthcare providers often rely on first-person accounts and
information to determine and evaluate symptoms and medi-
cal conditions of patients. Information provided by patients
can provide details, identily interactions, and expose asso-
ciations not always discernable by tests and measurements.
When the patient 1s distracted, the first-person account of a
patient impacts the quality-of-care in the determination,
evaluation and the treatment of the patient’s condition.

The state-of-art evaluation protocols are designed to
reduce miss diagnoses of health conditions, however, the
quantity of patients requiring healthcare provider attention
limits the time available for direct interaction with patients,
and healthcare decisions are often made quickly and based
on briel assessments. Additionally, combiming electromically
accessible health information with vital sign measurements
offers opportunity to expand and enhance methods used 1n
patient/provider communications.

SUMMARY

Embodiments of the present invention disclose a method,
computer program product, and system. The embodiments
include a method for determiming a level of engagement of
a patient with a provider. The method provides for one or
more processors to receive mformation regarding health of
a patient from a plurality of sources and including a plurality
ol 1nstances of the patient’s health condition. The one or
more processors generate ground-truth health conditions of
the patient based on an assessment performed on the plu-
rality of instances of the patient’s condition, respectively, in
which the assessment includes patient health information
and expert review of the level of engagement of the patient
for each instance of assessment by a provider. The one or
more processors generate a regression model of the patient
engagement level, wherein the regression model predicts a
probability of engagement by the patient based on the
plurality of imstances of patient condition assessment and the
expert review of the level of engagement associated with
cach imstance of assessment. The one or more processors
receive a current set of patient information and results of
natural language processing of a dialog between the patient
and a provider performing an assessment of the condition of
the patient, and environmental conditions monitored during
the assessment of the patient by the provider. The one or
more processors apply the current set of patient information
and the momnitoring of the dialog and environmental condi-
tions to the regression model, and the one or more proces-
sors, 1n response to determining a probability of the level of
engagement of the patient to the provider, send to the
provider, an indicator of the probability of the level of
engagement of the patient.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a functional block diagram illustrating a distrib-
uted data processing environment, 1n accordance with an
embodiment of the present invention.

FIG. 2 illustrates steps generating a regression model as
a module component of patient engagement program of FIG.
3, 1n accordance with embodiments of the present invention.

FIG. 3 1s a flowchart depicting operational steps of a
patient engagement program, operating in the distributed
data processing environment of FIG. 1, 1n accordance with
embodiments of the present invention.

FIG. 4 depicts a block diagram of components of a
computing system, including a computing device configured
with capability to operationally perform the patient engage-
ment program of FIG. 3, 1n accordance with an embodiment
of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention recognize that
healthcare providers rely on first-hand account information
from patients along with patient vital signs and health data
to make accurate diagnosis and provide eflective treatment.
Obtaining insight directly from the patient provides infor-
mation not easily obtained from measurement and testing
alone, especially 1n cases of combinations or interrelated
conditions. Embodiments further recognize that determining
the level of engagement of a patient in responding to and
communicating with healthcare providers provides an 1ndi-
cation of the reliability and completeness of response infor-
mation received from the patient. Embodiments of the
present invention discussed herein are directed to a patient-
provider discussion during a healthcare condition assess-
ment of the patient to clearly and efliciently present the
features of the embodiments; however, embodiments of the
present imnvention are not limited to patient-provider assess-
ment conversations and may be applicable to other situ-
ational conversations between individuals.

A low level of engagement of a patient, or conversely a
higher level of distraction of the patient, may indicate that
information provided by the patient in responses to health-
care providers 1s less-than accurate or incomplete. Recog-
nition of a low level of engagement or distracted patient can
be used to trigger the attending healthcare provider to make
turther or different inquiries or take other additional actions
to Tully determine the patients state of health, and not make
diagnostic determinations based on incomplete or incorrect
information. Understanding the level of engagement of the
patient while recerving responses to the provider’s questions
regarding the patient’s condition will avoid making a deter-
mination of the patient’s condition on 1naccurate or 1ncom-
plete information and potentially 1neflective treatment.

Embodiments of the present invention determine a prob-
ability of a level of engagement of a patient during discus-
sion of the patient’s condition with a healthcare provider.
Determining a probability of engagement level to the attend-
ing healthcare provider reduces the instances of sub-optimal
healthcare. Healthcare providers can optimize interactions
with patients and determine the appropriate level of inquiry
as to the condition and symptoms experienced by the patient
to obtain a better overall view of the patient’s state and
diagnosis.

Embodiments generate a regression model from a plural-
ity of historic instances of the patient’s health condition or
state. The respective instances of the patient’s health con-
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dition include patient health information from a variety of
available and consented-to sources, and responses from the
patient to questions from the attending healthcare provider.
Embodiments of the present invention recognize patient
health information as including, but not limited to, vital
s1gns, patient activity data, health history data, health device
data (1.e., wearable devices), health application (app) data,
sleep data, medication adherence data, and social media
sentiment data.

The use of the phrase “level of engagement™ as 1t refers
to embodiments of the present invention 1n which a patient
secking healthcare assistance from a healthcare provider,
refers to determining a probability that the patient commu-
nicates with the provider in an attentive manner and
responds to questions directly, with clanty, thoroughness,
and timeliness. A plurality of historic instances of the
patient’s health condition or health state refers to healthcare
history of the patient in which the patient’s health informa-
tion was included 1n a record, and the attending healthcare
provider made an assessment of the patient’s health condi-
tion based on the health information and the patient’s
response to the provider’s questions. The historic instances
that include a record of an expert review of the patient’s
level of engagement during discussion with the provider
serves as a ground truth health condition an establishes a
ground truth of the level of patient engagement with respect
to the health information and responses and observed behav-
1ors of the patient.

In some embodiments, the dialog of historic health con-
dition incidents between the patient and the provider, as well
as the video of patient behavior and sensor data associated
with the environmental conditions i1s obtained through a
mobile smart device held by the healthcare provider. In some
embodiments of the present invention, the dialog between
the patient and the healthcare provider 1s applied to a natural
language processing function and semantic analysis 15 per-
formed to determine the meaning of the dialog content. In
some embodiments, the analyzed dialog content may be
transformed into n-grams that include subject-verb-object
combinations and may include other modifiers to convey the
dialog elements. In some embodiments, the dialog includes
measurement indicators of time to respond and length of
time of responses associated with a level of engagement as
determined by an expert review during an assessment of a
historic incident of the patient’s health condition.

An expert review ol a patient’s level of engagement
includes a qualified and experienced healthcare provider,
such as a physician, physician assistant, nurse practitioner,
and the like, conducting a health assessment of a patient,
including a dialog with the patient and a recording of the
level of engagement by the patient as determined by the
attending provider. In some embodiments, the provider may
indicate a degree of engagement by the patient, such as
“fully engaged”, “partially engaged”, “somewhat dis-
tracted”, or “very distracted”, or similar degrees of engage-
ment. In other embodiments, the provider may indicate a
binary condition of engagement as “engaged” or “dis-
tracted”. The expert review of a patient’s level of engage-
ment 1s associated with the other features included in the
overall assessment of the historic health condition incident,
forming a basis of a regression model that can be generated
from a plurality of the patient’s historic health condition
incidents.

In some embodiments of the present mvention, the ele-
ments of the patient health information serve as features
used 1n generating a regression model of the level of
engagement of the patient with respect to the patient health
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information associated with respective historic instances of
the patient’s health condition assessment. The assessments
including ground truth expert review of the patient’s level of
engagement during discussion with the healthcare provider.
Expert review 1includes information regarding the dialog
between the patient and provider and observed attributes of
the patient’s behavior as well as the environmental condi-
tions during the dialog, such as the number of people 1n the
immediate area, the noise level, the activity level, the
temperature in the area i which the dialog occurs.

Embodiments of the present invention include receiving a
current set of patient health information and a recording or
streaming of a current dialog between the patient and a
healthcare provider performing the current assessment of the
patient. The current set of patient health information
includes a most recent collection of vital signs, wearable
device data, health app data, authored social media data, as
well as available health history data, all consented to by the
patient. Wearable device data and health app data may
include but are not limited to: data of the patient’s heart rate,
blood pressure, sleep activity, mobility activity, and medi-
cation adherence, and are associated with a specific instance
of and assessment of the patient’s health condition. The
current set of patient health information also includes
observed behavior of the patient and environmental condi-
tions during the current dialog that 1s associated with a most
recent instance of the patient’s health condition in which the
patient seeks service from a healthcare provider. In some
embodiments, the patient behavior may include eye contact
and body language positions and gestures by the patient, and
environmental conditions are obtained from background
video and sensors detection during the dialog.

In some embodiments of the present invention, the current
set of patient health information and assessment data are
applied to the generated regression model and a probabaility
of the level of engagement of the patient for the current
health assessment 1s determined and presented to the pro-
vider.

The provider receirves the determined level of patient
engagement and can determine whether the information
obtained during the dialog 1s adequate or uncertain for
accurate diagnosis and treatment, based on the engagement
level indication. It the provider receives indication that the
level of patient engagement 1s inadequate, uncertain, or the
patient 1s otherwise distracted, then the provider may dis-
regard some or all of the information obtained and determine
alternate questions, tests or procedures to obtain more accu-
rate information. In some embodiments, the provider may
receive suggestions to pursue with the patient to improve the
level of engagement.

The present invention will now be described in detail with
reference to the Figures. FIG. 1 1s a functional block diagram
illustrating a distributed data processing environment, gen-
erally designated 100, in accordance with an embodiment of
the present invention. FIG. 1 provides only an illustration of
one implementation and does not imply any limitations with
regard to the environments 1n which different embodiments
may be implemented. Many modifications to the depicted
environment may be made by those skilled 1n the art without
departing from the scope of the invention as recited by the
claims.

Distributed data processing environment 100 includes
computing device 110, health app 120, patient health history
130, wearable device data 140, vital sign data 160 and
patient-provider dialog data 170, all connected via network
150. In general, network 150 can be any combination of
connections and protocols that will support communications
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between computing device 110, health app data 120, patient
health history 130, wearable device data 140, vital sign data
160, patient-provider dialog data 170, and social media data
180, 1n accordance with embodiments of the present inven-
tion.

Network 150 can be, for example, a local area network
(LAN), a wide area network (WAN), such as the Internet, a
virtual local area network (VLAN), or any combination that
can include wired, wireless, or optical connections. In gen-
eral, network 150 can be any combination of connections
and protocols that will support communications between
computing device 110, health app data 120, patient health
history 130, wearable device data 140, vital sign data 160,
patient-provider dialog data 170, and social media data 180,
in accordance with embodiments of the present invention.

In some embodiments of the present invention, computing,
device 110 1s a mobile smart device and includes user
interface 115, and patient engagement program 300, which
turther includes model generation module 200. Computing
device 110 1s communicatively connected to health app data
120, patient health history 130, wearable devices data 140,
vital sign data 160, patient-provider dialog data 170, and
social media data 180. In some embodiments, computing
device 110 receives data from health app data 120, patient
health history 130, wearable devices data 140, vital sign data
160, patient-provider dialog data 170, and social media data
180. The data 1s mput to model generation module 200 of
patient engagement program 300 and results in creating
regression model 260 from previous (historic) patient data
and previous healthcare condition assessments. By applying
the most recent patient data from health app data 120, patient
health history 130, wearable devices data 140, vital sign data
160, patient-provider dialog data 170, and social media data
180, to regression model 260, patient engagement program
300 determines a probability of a level of engagement of a
patient 1n the current dialog with a healthcare provider
during a current instance of a health condition assessment.

In some embodiments, computing device 110 can be a
standalone mobile computing device, a smart phone, a tablet
computer, a smart watch, a laptop computer, or any other
clectronic device or computing system capable of receiving,
sending, and processing data. In other embodiments, com-
puting device 110 can be a computing device interacting
with applications and services hosted and operating 1n a
cloud computing environment. In another embodiment,
computing device 110 can be a netbook computer, a desktop
computer, a personal digital assistant (PDA), or other pro-
grammable electronic device capable of communicating
with health app data 120, patient health history 130, wear-
able devices data 140, vital sign data 160, patient-provider
dialog data 170, social media data 180, and other computing
devices (not shown) within distributed data processing envi-
ronment 100 via network 150. In another embodiment,
computing device 110 represents a computing system uti-
lizing clustered computers and components (e.g., database
server computers, application server computers, etc.) that act
as a single pool of seamless resources when accessed within
distributed data processing environment 100. Computing
device 110 includes internal and external hardware compo-
nents, depicted 1n FIG. 4.

User interface 115 provides an interface to access features
and functions of computing device 110. In some embodi-
ments of the present invention, user interface 115 provides
access to patient engagement program 300 and model gen-
cration module 200, operating on computing device 110.
User interface 115 also supports access to other applications,
teatures, and functions of computing device 110 (not
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shown). User interface 115 supports access to alerts, noti-
fications, and other forms of communications. In one
embodiment, user interface 115 may be a graphical user
interface (GUI) or a web user interface (WUI) and can
receive user iput and display text, documents, web browser
windows, user options, application interfaces, and instruc-
tions for operation, and include the information (such as
graphic, text, and sound) that a program presents to a user
and the control sequences the user employs to control the
program. In another embodiment, user interface 115 may
also be mobile application software that provides an inter-
face to features and functions of computing device 110. User
interface 1135 enables a user of computing device 110 to
receive, view, hear, and respond to input, access applica-
tions, and perform functions available.

Health application (app) data 120 1s a collection of health
data from one or more applications operating on a smart
device of the patient. Health app data 120 includes health
data corresponding to the patient and 1n some embodiments
of the present invention, may include a timestamp associated
with the collection of the health data. In some embodiments
health app data 120 1s input by the patient, whereas in other
embodiments health app data 120 automatically detects or
receives the health data.

Model generation module 200 generates a predictive
model of a patient’s level of engagement 1n a dialog by
applying an aggregate of historical patient health condition
assessments that each include an engagement level deter-
mination by an expert reviewer during the assessment. The
expert reviewer’s determination provides a ground truth
engagement level associated with the accompanying patient
features included 1n each respective historical health condi-
tion assessment. Data elements collected from health app
120, patient health history 130, wearable device data 140,
vital sign data 160, patient-provider dialog data 170, and
social media data 180, individually or i combination,
become features within regression model 260. Classifica-
tions are applied to features as joint classifications or mul-
tiple linear regressions. The features and classifications are
applied 1n a linear regression format to model generation
module 200 to generate regression model 260 and fit a line
to the features and classifications. The fit of the regression
line can be improved by applying weights to features and
combining features.

Patient engagement program 300 operates on computing
device 110 and 1s communicatively accessible to the health-
care provider. Patient engagement program 300 includes
model generation module 200 that receives previous health
information and previous health condition assessment data
of the patient that include expert review of the patient’s level
of engagement and generates regression model 260. Patient
engagement program 300 receirves a current (most recent)
set of patient health information and health condition assess-
ment dialog data and applies the information and data as a
collection of features to regression model 260, which results
in a probability of the patient’s level of engagement during
the current health condition assessment of the patient by the
provider.

In some embodiments of the present mmvention, with
provided patient consent, patient engagement program 300
receives current patient health information from external
sources, such as health app 120, patient health history 130,
wearable device data 140, vital sign data 160, patient-
provider dialog data 170 and social media data 180. Patient
engagement program 300 forms feature sets from the
received patient health information and applies the feature
sets of the current health information to regression model
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260, which results 1n a probability of the level of engage-
ment of the patient during the health condition assessment.

In some embodiments, the determined probability 1s pre-
sented as the level of engagement. In some embodiments the
engagement of the patient may be segmented into degrees of
engagement, such as “very engaged”, “slightly engaged”,
“slightly distracted”, “very distracted”. In other embodi-
ments, the level of engagement may be binary in which the
level of engagement exceeding a predetermined probability
1s determined to be “engaged”, and below which the level of
engagement 1s determined to be “distracted.” Patient
engagement program 300 indicates the determined level of
engagement to the provider attending to the patient’s current
health condition assessment. In some embodiments, patient
engagement program 300 provides suggested alternatives to
the provider 1n response to determining the level of engage-
ment of the patient to be below a predetermined threshold
level (probability).

Patient health history 130 1s a repository of patient health
information aggregated Ifrom multiple sources. Patient
health history 130 includes historic health condition assess-
ments of the patient and the health data obtained from health
app data 120, wearable device data 140, vital sign data 160
and patient-provider dialog data 170. Patient health history
130 1s commumnicatively connected to patient engagement
program 300 and model generation module 200. In some
embodiments, subsequent to determining a level of engage-
ment of a patient’s current health condition assessment, the
patient’s health data corresponding to the assessment and the
engagement level information are sent and stored 1n patient
health history 130.

Wearable device data 140 includes health and activity
related data captured from the patient’s wearable device. In
some embodiments of the present invention, wearable
device data 140 includes some or all of the following patient
data and may associate the data with a timestamp: heart rate,
blood pressure, breathing rate, body temperature, walking,
activity, climbing activity (steps), sleep activity, calories
burned, active time, and location data. In some embodi-
ments, wearable device data 140 1s communicatively con-
nected to computing device 110 and patient engagement
program 300.

Vital sign data 160 includes patient biometric measure-
ments taken during an instance of patient health condition
assessment, such as when attended to by a healthcare
provider. Vital sign data 160 includes a set of vital sign data
corresponding to a particular health condition assessment as
a function of time, which includes historical incidents of
health condition assessment, and may include a current
(most recent) health condition assessment. Certain vital
s1gns, alone or 1n combination, such as blood pressure, heart
rate, breathing rate, and 1n some cases, pupil dilation, may
indicate physical and emotional levels that can aflect atten-
tion and focus of the patient. Vital sign data 160 may
include, but 1s not limited to heart rate, blood pressure, body
temperature, respiration rate, and pupil dilation. In some
embodiments, vital sign data 160 1s received by patient
engagement program 300 operating on computing device
300, and receipt may be supported by automatic wireless
connections with vital sign measurement devices linked to
computing device 110. In other embodiments, vital sign data
160 1s 1nput to patient engagement program 300 operating
on computing device 110 by a healthcare provider as the user
of computing device 110.

Patient-provider dialog data 170 includes the dialog con-
tent exchange between the patient and a healthcare provider
attending to the patient during an 1nstance of health condi-
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tion assessment. In some embodiments of the present inven-
tion, patient-provider dialog data 170 also includes the
environmental conditions during the health condition assess-
ment, such as noise level, people in the immediate area,
activity in the immediate area, and temperature. In some
embodiments, patient eye movement and body movements
are monitored as additional data 1n determination of a level
of engagement or distraction of the patient, in addition to the
patient’s responses to provider questions during the dialog.
In an exemplary embodiment, the patient monitoring during
the health condition assessment includes collection of noise
data and dialog content by a microphone component of
computing device 110 (not shown), the eye and body move-
ment are captured by a camera component of computing

device 110.

In some embodiments, dialog content between the patient
and healthcare provider 1s submitted to natural language
processing and semantic analysis to determine the topic and
meaning associated with each exchange in the dialog. In
some embodiments, the analyzed dialog content may be
transformed into n-grams that include subject-verb-object
combinations and may include other modifiers to convey the
topic and meaning of dialog elements. In some embodi-
ments, the dialog includes measurement indicators of time to
respond and length of time of responses associated a ques-
tion from the provider during an assessment. In some
embodiments, the natural language processing and semantic
analysis 1s performed by components of patient engagement
program 300, whereas in other embodiments, the natural
language processing and semantic analysis may be per-
formed external to, but connectively linked to computing

device 110.

Social media data 180 includes patient-consented access
to social media content authored by the patient and may
include content viewed and/or responded to by the patient,
providing sentiment as a factor in the overall assessment of
patient engagement or distraction. The data in social media
data 180 1s processed by sentiment and semantic analysis via
patient engagement program 300 and provide topic and
sentiment data for patient engagement level determination.

In some embodiments of the present invention, social media
sentiment provides an indicator of wellness by changing
language around a topic, oscillation between negative/angry
and happy emotional states, and can give trend indication.
Social media data 180 provides a factor in the overall
evaluation of the engagement level of the patient and may
identify factors contributing to distraction.

In some embodiments of the present invention, patient
information received from the various data sources 1s fed-
erated based on time and includes previous (historic) patient
information on which regression model 260 1s based, and the
most recent data corresponding to a timeframe 1 which a
current instance of condition assessment 1s performed by a
healthcare provider. In some embodiments, current data sets
ol patient information showing significant deviation from
“normal” baseline information are 1dentified as features and
included 1n patient engagement level assessment. In some
embodiments, a threshold of deviation from normal baseline
information may include one or more standard deviation
units from a normal baseline condition. In embodiments in
which the patient information lacks normal baseline condi-
tion levels, categorization of the patient may be used, and
standard baseline conditions applied. For example, the
patient may be categorized as 18-30 years of age, female,
medium physical activity, standard weight for height, lives
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in Northeastern U.S. and does not travel abroad. A standard
set of patient information levels for such categorization may
be applied.

FIG. 2 illustrates process steps of model generation mod-
ule 200 as a component of patient engagement program 300,
directed to the function of generating a predictive regression
model, 1n accordance with embodiments of the present
invention. Model generation module 200 1s an 1terative
process, continuously updating healthcare condition assess-
ment data to improve regression model 260. Patient engage-
ment program 300, via model generation module 200,
retrieves information from a plurality of previous 1nstances
ol a patient’s health condition assessment history (step 210).
In embodiments of the present imnvention, patient engage-
ment program 300 and model generation module 200 are
communicatively connected to sources of the patient’s pre-
vious health condition assessments, which includes online
accessible healthcare history records, wearable device data
records, data recorded from the patient’s health apps, vital
sign data recorded during health condition assessments and
information associated with patient-provider dialogs during
respective previous assessments.

For example, data from patient health history 130, health
app data 120, wearable device data 140, vital sign data 160,
and data from patient-provider dialog data 170 1s retrieved
and 1nput to model generation module 200. In some embodi-
ments each instance of a plurality of patient health condition
assessment data 1s associated with timestamp data to asso-
ciate the aggregated data with respective instances.

Model generation module 200 determines features asso-
ciated with respective health condition instances of the
patient (step 220). In some embodiments, model generation
module 200 determines the type of data retrieved from the
plurality of health data sources of the patient and establishes
types of data as features associated with respective instances
of health condition assessment of the patient. In some
embodiments, model generation module 200 combines types
of data into a feature. In an example embodiment, model
generation module 200 determines data types of blood
pressure, heart rate, body temperature, activity level (steps),
and sleep level baseline from wearable device data 140,
medication adherence from health app 120, additional blood
pressure, pulse rate and body temperature data from vital
sign data 160 at the time of a health condition assessment,
and dialog elements from patient-provider dialog data 170.
Model generation module 200 assigns the data as features
associated with the respective instances of health condition
assessment of the patient and may 1nclude a baseline level of
features not associated with a particular instance of health
condition assessment.

Model generation module 200 generates ground truth of a
level of engagement of the patient associated with respective
instances of health condition assessments, based on features
and expert review of respective health condition assessment
instances (step 230). Model generation module 200 associ-
ates an expert review by a certified attending provider of the
patient’s engagement level at the time of health condition
assessment for respective mstances. The expert review con-
firms an engagement level of the patient for the respective
health condition assessment and the engagement level as
assessed by the provider’s expert review 1s associated with
the features determined for the respective instance. A cor-
respondence 1s established with the features of each instance
of patient health condition assessment and the level of
engagement as determined by the expert review, forming a
ground truth. Model generation module 200 generates
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ground truth of the patient’s level of engagement for the
plurality of historic instances of health condition assess-
ment.

In some embodiments, certain better-known relationships
between specific factors and engagement level, determined
by univarniate analysis, may provide for a simplified set of
teatures considered for the regression model. For example,
In some cases poor sleeping patterns or sleeping patterns
deviating from established baseline levels for a patient
correlate with lower levels of attention and engagement.
Similarly, frequent loss of eye contact between the health-
care provider and the patient may also correlate with lower
levels of engagement. Univariate analysis between variables
specific to the level of engagement by a patient during a
health condition assessment provides valuable insight in
establishing weighted values and features to include 1n a
multivariate regression model. Embodiments of the present
invention recognize that a danger of overfitting a statistical
model may exist in cases of models having more parameters
than can be justified by the data. Embodiments of the present
invention applying data determined by univariate analysis
provide msight into inclusion and weighting of features of
the regression model, avoiding overfitting while maintaining
higher levels of predictability.

Model generation module 200 generates a regression
model predicting a probability of a level of engagement of
the patient with an attending healthcare provider, based on
teatures associated with patient health condition assessment
instances (step 240). Model generation module 200 applies
classifications to the features, which may be individual
classifications, joint classifications, or represented in mul-
tiple linear regressions. The features and classifications are
applied 1n a linear regression format to generate a model and
a line 1s fit to the features and classifications. The fit of the
regression line can be improved by applying weights to
features and by combining features. In some embodiments,
the regression model fit to features and classification data
provides a probability of the level of engagement of the
patient during the health condition assessment, based on the
patient information determined during the condition assess-
ment. In some embodiments the determined probability 1s
sent to the healthcare provider as an engagement level score.

For example, the features, classifications and ground truth
expert review of the patient’s level of engagement for
respective instances ol health condition assessment are
processed 1nto a linear regression lormat, generating a
regression model that fits a line to the feature and classifi-
cation data points and expert review level of engagement
during previous health condition assessments. In some
embodiments, multiple linear regressions are generated and
are based on estimated lines for many different features.
Model generation module 200 establishes and applies
weighted values to features to improve subsequent classifi-
cation and regression fit for engagement level prediction.

In some embodiments, the level of engagement predicted
by regression model 260 1s presented as a probability. In
other embodiments the level of engagement of the patient
may be presented as a binary condition, based on a prede-
termined threshold of probability. In yet other embodiments,
the level of engagement may include multiple levels based
a hierarchy of predetermined thresholds. For example, a
level of “very engaged” may align with probabilities of
greater than 70%; a level of “slightly engaged” may align
with probabilities less than 70% but greater than 50%; a
level of “slightly distracted” may align with probabilities of
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less than 50% but greater than 30%:; and probabilities below
30% may be aligned with a “very distracted” level of
engagement.

Model generation module 200 updates the plurality of
instances of the patient’s health condition assessments with
a new 1nstance of assessment data (step 250). In some
embodiments of the present invention, the health condition
assessment data and the probability associated with the level
of engagement of the patient during the assessment 1is
included into regression model 260 to provide continual
input for model improvement. In some embodiments of the
present mvention, the level of engagement of the patient 1s
predicted using patient similarity to prior engagements and
predictions. The level of engagement may also be predicted
prior to the first interaction using data from a survey
presented to a prior healthcare provider, from a prior health
condition assessment, or prior health condition survey.

FI1G. 3 1s a flowchart depicting operational steps of patient
engagement program 300, operating in distributed data
communications environment 100, 1n accordance with
embodiments of the present mnvention. In embodiments of
the present invention, patient engagement program 300
determines a probability of the level of engagement of a
patient receiving a heath condition assessment by a health-
care provider and sends an indicator of the probability of the
level of engagement of the patient to the healthcare provider.
The patient information received by patient engagement
program 300 are assigned as features and may be joined or
combined 1nto vectors having multiple features as distinct
dimensions of the vectors, and referred to as distraction
vectors, which may be categorized into primary distraction
vectors, which are directly associated with biometric or
controlled behavioral attributes of the patient, or secondary
distraction vectors, which are features which may aflect the
patient but are out of the direct control or influence of the
patient.

Patient engagement program 300 receives a set of patient
information corresponding to a health condition assessment
of the patient (step 310). In some embodiments of the
present invention, patient engagement program 300 receives
patient information from health apps, wearable devices,
health history and social media content that include a current
or recent set of data regarding the patient and associated with
the patient’s current health condition. Health app data may
include medication adherence records, self-assessment notes
by the patient, and any self-administered treatments by the
patient. Wearable device data may include heart rate, blood
pressure, activity level, sleep activity, and body temperature,
all as a function of time, trend or a particular instance
identified by date. Patient information received from a
history record of the patient may include previous health
conditions and treatments, vital sign data may be collected
during the current health condition assessment, and social
media content may be received, with patient consent, and
processed to determine topic and sentiment that may relate
to the patient’s health condition and emotional state.

For example, patient engagement program 300 receives
patient health app data 120 that includes the recent record of
the patient’s medication adherence, notes the patient added
related to the current condition and the patient’s actions
addressing the condition. Patient engagement program 300
receives historic condition and treatment data from patient
health history 130 and receives recent patient biometric data
from wearable device data 140. Patient engagement program
300 recerves current and historic vital signs measurements
from vital sign data 160 and determines deviations of the
current condition of the patient from normal baseline levels.
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Patient engagement program 300 also receives content from
social media data 180 that includes content authored by the
patient and topic data viewed, responded to, and commented
on by the patient, with patient consent.

Patient engagement program 300 monitors patient-pro-
vider dialog and environmental conditions of the assessment
(step 320). During the health condition assessment of the
patient by the healthcare provider, the audible discussion 1s
monitored by patient engagement program 300, having
informed the patient of the monitoring activities and receiv-
ing patient consent. In some embodiments of the present
invention, the dialog 1s recorded, whereas in other embodi-
ments, the dialog between the patient and healthcare pro-
vider 1s live-streamed to processing functions of patient
engagement program 300. In some embodiments, monitor-
ing of the assessment dialog includes video monitoring of
the patient and may include immediate environmental con-
ditions of the assessment, such as other people present, noise
level, and activity within the immediate environment. In
some embodiments, the environmental temperature and
other environment conditions are including 1n the monitored
data of the assessment.

For example, patient engagement program 300 monitors
the questions and responses between the healthcare provider
and the patient during the health condition assessment.
Patient engagement program 300 includes video monitoring
of the patient, and may include patient eye-contact, body
position, and body language movement during patient
responses. Patient engagement program 300 determines
whether other people are detected within the immediate
environment of the assessment and determines whether there
1s high, average, or low levels of activity, noise, confusion,
or other environmental conditions that may contribute to
allecting attentiveness of the patient during the assessment
dialog with the healthcare provider. In some embodiments,
patient engagement program 300 may receive sensor-base
data from computing device 110 indicating the temperature
and humidity level of the environment 1n which the assess-
ment takes place.

Patient engagement program 300 submits monitored
patient-provider dialog to natural language processing and
semantic analysis (step 330). In some embodiments of the
present invention, patient engagement program 300 includes
natural language processing and semantic analysis functions
and submits the monitored patient-provider dialog to deter-
mine the features of the patient’s responses to healthcare
provider questions regarding the patient’s health condition.
In some embodiments, patient engagement program 300
determines the topics of the questions asked by the provider,
and the meaning of respective patient’s responses. In some
embodiments, patient engagement program 300 also deter-
mines a response time between the delivery of the provider
question and the patient’s response, detecting delay, repeti-
tion, and incomplete or unrelated responses.

In other embodiments, patient engagement program 300
1s commumnicatively connected to services providing natural
language processing and semantic analysis functions (not
shown) and transmits the dialog data to the connected
services and receives the analysis results. In some embodi-
ments, video data of the patient health condition assessment
1s analyzed for eye contact and body language data contrib-
uting to determination of the level or engagement of the
patient during the health condition assessment.

For example, a healthcare provider in possession of
computing device 110 on which patient engagement pro-
ogram 300 operates begins a dialog with a patient seeking a
health condition assessment. Patient engagement program
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300 records the audio and video of the assessment exchange
between the patient and healthcare provider, including the
questions from the healthcare provider and the responses,
response time, delay, repetition, eye contact, and body
language of the patient. Additionally, computing device 110
may determine the temperature and humidity of the envi-
ronment 1n which the health condition assessment of the
patient 1s conducted, and may provide for analysis, the
background noise, activity and detection of others present in
the immediate area of the assessment.

Patient engagement program 300 generates feature data
from process dialog and the current set of patient informa-
tion (step 340). Patient engagement program 300 receives
the processed data from the dialog and environmental con-
ditions of the health condition assessment of the patient from
natural language processing and semantic analysis func-
tions, and 1n some embodiments, 1cludes eye contact and
body language analysis of the patient during the assessment
dialog. In some embodiments, patient engagement program
300 monitors the noise level by a microphone included 1n
computing device 110, the temperature of the immediate
environment from sensors i computing device 110, addi-
tional people present by optical recognition features asso-
ciated with a camera function of computing device 110,
which also determines the background movement of the
environmental conditions during the health condition assess-
ment of the patient.

The recerved data processed from the patient-provider
dialog are included 1n generation of feature data associated
with the health condition assessment of the patient. Also
included in the generation of feature data 1s the patient
information received from health apps, wearable devices,
health history, vital sign measurements and recent social
media content. The data are included as features associated
with the current health condition assessment of the patient.

For example, patient engagement program 300 receives
the data from processing the dialog and video data of the
patient-provider assessment, as well as the environmental
conditions detected during the assessment. In the example
embodiment, the processed dialog data indicates a delay 1n
the patient’s response to the provider’s questions, and rep-
etition of questions resulting 1n a variation of responses. The
example embodiment indicates the patient eye contact is
poor and moving in directions away from the healthcare
provider, and the environmental data indicates multiple
people 1n the immediate area with a high level of noise and
background movement, and a room temperature ol 81
degrees Fahrenheit with a humidity of 79 percent. Wearable
device data 140 of the example embodiment indicates a low
amount of sleep by the patient, with elevated heart rate and
temperature during the last 48 hours. Each element of patient
information and assessment dialog are considered as fea-
tures of the patient’s current health condition assessment. In
the example embodiment, the dialog features associated
with eye contact, response rate and repetition ol questions
are given increased weight.

Having generated feature data, patient engagement pro-
gram 300 applies the feature data to a regression model and
sends engagement probability to the healthcare provider
(step 350). Patient engagement program 300 applies the
teatures generated from the health condition assessment of
the patient to the regression model and determines a prob-
ability of the engagement level of the patient during the
healthcare condition assessment, in real time, or near-real
time. In some embodiments of the present invention, patient
engagement program 300 sends the determined probability
of the patient’s level of engagement to the healthcare
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provider as an engagement score, via the display of com-
puting device 110 operated by the healthcare provider.

Patient engagement program 300 determines whether the
engagement level probability 1s below a predetermined
threshold (decision step 360). Patient engagement program
300 compares the determined probability of the level of
engagement of the patient for the current health condition
assessment to a predetermined threshold probability to
determine whether the engagement level probability falls
below the threshold. For the case in which the engagement
level probability exceeds the predetermined threshold (step
360, “NO” branch), patient engagement program 300 con-
tinues conducting and completing a diagnosis associated
with the health condition assessment of the patient (step
380), having determined that the level of engagement of the
patient was adequate to proceed.

For the case 1n which the engagement level probability
falls below the predetermined threshold (step 360, “YES”
branch), patient engagement program 300 sends a sugges-
tion to the healthcare provider to improve the engagement
level of the patient (step 370). The suggestion may include
a type or line of questioning to reduce the distraction of the
patient or engage them with a topic determined from the
recent patient information, such as a lack of sleep, or event
identified 1n social media content. In some embodiments of
the present invention, if the engagement score 1s below the
predetermined threshold, then patient engagement program
300 may stop the provider from completing entry of infor-
mation nto an electronic health record and may provide
pop-up notification alerting the provider to reconfirm their
assessment.

In some embodiments, patient engagement program 300
prompts the provider for common workarounds based on the
data or lack of data, providing a common question sugges-
tion related to the most pronounced feature item or lack of
feature item from the health condition assessment of the
patient. In response to an engagement score below the
predetermined threshold probability level of engagement,
patient engagement program 300 displays the engagement
score and comparison to the predetermined threshold, delays
entry of electronic health record data until the assessment 1s
re-evaluated and confirmed by the provider, provides one or
more suggestions of questioning to improve the engagement
level of the patient or directs engagement to a different
direction to improve dialog responses of the patient.

For example, the predetermined threshold probability of
the patient’s level of engagement 1s 60 percent. Applying the
features determined from recent patient information and the
patient’s health condition assessment dialog and environ-
mental conditions, 1n the example embodiment, results 1n a
probability of 40 percent, determined by a product of
features given values that may range from 1.0 to 0.01 and
with some {features given additional weighting. The 40
percent level of engagement of the patient falls below the
predetermined threshold of 60 percent, and patient engage-
ment program 300 sends the level of engagement probability
of 40 percent (and the threshold value of 60 percent) to the
healthcare provider. Patient engagement program 300 sends
the determined 40 percent engagement level probability to
the healthcare provider along with the comparable threshold
evel of 60 percent. Patient engagement program 300 also
sends a suggestion prompt to the healthcare provider to
inquire about the patient’s ability to get adequate sleep and
whether the patient would prefer to discuss their condition in
another room.

FIG. 4 depicts a block diagram of components of com-
puting system 400, including computing device 403, con-
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figured to include or operationally connect to components
depicted in FIG. 1, and capable of performing operational
steps of model generation module 200 and patient engage-
ment program 300 of FIG. 3, 1n accordance with an embodi-
ment of the present imvention, 1n accordance with an
embodiment of the present invention.

Computing device 405 includes components and func-
tional capability similar to components of calling device 110
(FIG. 1), 1n accordance with an illustrative embodiment of
the present invention. It should be appreciated that FIG. 4
provides only an illustration of one implementation and does
not imply any limitations with regard to the environments in
which different embodiments may be implemented. Many
modifications to the depicted environment may be made.

Computing device 405 includes communications fabric
402, which provides communications between computer
processor(s) 404, memory 406, persistent storage 408, com-
munications unit 410, and mput/output (I/0) interface(s)
412. Communications fabric 402 can be implemented with
any architecture designed for passing data and/or control
information between processors (such as microprocessors,
communications and network processors, etc.), system
memory, peripheral devices, and any other hardware com-
ponents within a system. For example, communications
tabric 402 can be implemented with one or more buses.

Memory 406, cache memory 416, and persistent storage
408 are computer readable storage media. In this embodi-
ment, memory 406 includes random access memory (RAM)
414. In general, memory 406 can include any suitable
volatile or non-volatile computer readable storage media.

In one embodiment, regression model 260 and patient
engagement program 300 are stored 1n persistent storage 408
for execution by one or more of the respective computer
processors 404 via one or more memories of memory 406.
In this embodiment, persistent storage 408 includes a mag-
netic hard disk drive. Alternatively, or in addition to a
magnetic hard disk drive, persistent storage 408 can include
a solid-state hard drive, a semiconductor storage device,
read-only memory (ROM), erasable programmable read-
only memory (EPROM), flash memory, or any other com-
puter readable storage media that 1s capable of storing
program 1instructions or digital information.

The media used by persistent storage 408 may also be
removable. For example, a removable hard drive may be
used for persistent storage 408. Other examples include
optical and magnetic disks, thumb drives, and smart cards
that are inserted into a drive for transier onto another
computer readable storage medium that 1s also part of
persistent storage 408.

Communications unit 410, 1n these examples, provides
for communications with other data processing systems or
devices, including resources of distributed data processing
environment 100. In these examples, communications unit
410 includes one or more network interface cards. Commu-
nications unit 410 may provide communications through the
use of either or both physical and wireless communications
links. Model generation module 200 and patient engagement
program 300 may be downloaded to persistent storage 408
through communications unit 410.

I/O iterface(s) 412 allows for mput and output of data
with other devices that may be connected to computing
system 400. For example, I/O interface 412 may provide a
connection to external devices 418 such as a keyboard,
keypad, a touch screen, and/or some other suitable input
device. External devices 418 can also include portable
computer readable storage media such as, for example,
thumb drives, portable optical or magnetic disks, and
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memory cards. Software and data used to practice embodi-
ments of the present invention, e.g., model generation mod-
ule 200 and patient engagement program 300 can be stored
on such portable computer readable storage media and can
be loaded onto persistent storage 408 via I/O interface(s)
412. I/O interface(s) 412 also connect to a display 420.

Display 420 provides a mechanism to display data to a
user and may be, for example, a computer monaitor.

The programs described herein are i1dentified based upon
the application for which they are implemented 1n a specific
embodiment of the invention. However, 1t should be appre-
ciated that any particular program nomenclature herein 1s
used merely for convenience, and thus the invention should
not be limited to use solely 1 any specific application
identified and/or implied by such nomenclature.

The present invention may be a system, a method, and/or
a computer program product at any possible technical detail
level of imtegration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program 1instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present imvention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine 1nstructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
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or object code written 1n any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the mmvention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor ol a computer, or other program-
mable data processing apparatus to produce a machine, such
that the mstructions, which execute via the processor of the
computer or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program 1nstructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the mstructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified i the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted 1n the Figures. For example, two blocks shown in
succession may, in fact, be accomplished as one step,
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executed concurrently, substantially concurrently, 1n a par-
tially or wholly temporally overlapping manner, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks 1n the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.
What 1s claimed 1s:
1. A method for determining a level of engagement of a
patient with a provider, the method comprising:
one or more processors retrieving previous health infor-
mation of a patient and including a plurality of previous
instances of health condition assessments of a patient;

the one or more processors generating ground-truth health
conditions ol the patient, based on an assessment
performed on the plurality of previous instances of the
health condition of the patient, respectively, in which
the assessment includes the health information of the
patient, an expert review of a level of engagement of
the patient, observations of the patient including eye
contact, body language, response time to provider’s
questions, response repetition, and monitoring of envi-
ronmental conditions that include background noise,
activity, and detection of others present at the time of
the assessment;

the one or more processors generating a regression model

predicting a probability of the level of engagement of
the patient based on the respective assessments per-
formed on the plurality of previous instances of the
health condition assessments of the patient;

the one or more processors receiving a current set of

patient health information, results of natural language
processing of a dialog between the patient and a current
provider performing a current assessment of the health
condition of the patient, as well as observations of the
patient, and monitoring of environmental conditions in
which the current assessment 1s conducted;

the one or more processors applying the current set of

patient information, the results of the natural language
processing of the dialog, observations of the patient,
and the environmental conditions monitored during the
current assessment, to the regression model; and

in response to determining the probability of the level of

engagement of the patient to the current provider, the
one or more processors sending the probability of the
level of engagement of the patient predicted by the
regression model, to the current provider.

2. The method of claim 1, wherein the current set of
patient health information includes vital signs, health infor-
mation from wearable devices and health applications of the
patient, health history from accessible electronic records of
the patient, and sentiment of the patient from social media
content of the patient.

3. The method of claim 1, further comprising;:

the one or more processors determining a topic and

correspondence of questions by the current provider
and responses by the patient by applying natural lan-
guage processing and semantic analysis to the dialog
between the patient and the current provider perform-
ing the current assessment of the health condition of the
patient; and

the one or more processors determining whether the

responses by the patient indicate positive features of
engagement of the patient to the current provider.
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4. The method of claim 1, wherein the probability of the
level of engagement of the patient with the current provider
1s based on one or a combination selected from a group
consisting of: the current set of patient information including
sleep patterns, the environmental conditions monitored dur- 5
ing the current assessment of the health condition of the
patient, and the dialog between the patient and the current
provider.

5. The method of claim 1, further comprising;:

the one or more processors monitoring the dialog between 10

the patient and the current provider by streaming
audible content of the dialog between the patient and
the current provider to the natural language processing
and a semantic analysis; and

the one or more processors monitoring a noise level, 15

temperature, additional people present, and background
movement of the environmental conditions during the
current health condition assessment of the patient.

6. The method of claim 1, further comprising:

the one or more processors providing a suggestion of 20

questioning to the current provider to improve the level
of engagement of the patient; and

the one or more processors delaying an entry of the

current assessment of the health condition of the patient
into electronic health records until the current provider 25
reconfirms a diagnosis associated with the current
assessment of the health condition of the patient.

7. The method of claim 1, wherein the health information
of the patient from the plurality of sources 1s retrieved from
a combination of sources selected from a group consisting 30
of: the patient’s wearable devices, health applications, elec-
tronic health history of the patient, data from previous
patient-provider dialogs, and social media data.

8. The method of claim 1, wherein the results of natural
language processing of a dialog between the patient and the 35
current provider performing the current assessment of the
health condition of the patient include data determining a
topic of respective questions asked by the current provider
and topic, sentiment, and alignment of responses by the
patient to the respective questions asked by the current 40
provider.

9. A computer program product for determining a level of
engagement of a patient with a provider, the computer
program product comprising;

one or more computer readable storage media and pro- 45

gram 1nstructions stored on the one or more computer

readable storage media, the program instructions com-

prising:

program 1instructions to retrieve previous health infor-
mation of a patient and including a plurality of 50
previous instances of health condition assessments
of a patient;

program 1nstructions to generate ground-truth health
conditions of the patient based on an assessment
performed on the plurality of the previous instances 55
ol the health condition of the patient, respectively, in
which the assessment includes the health informa-
tion of the patient, an expert review of a level of
engagement of the patient, observations of the
patient 1including eye contact, body language, 60
response time to provider’s questions, response rep-
ctition, and monitoring of environmental conditions
that include background noise, activity, and detec-
tion of others present at the time of the assessment;

program 1nstructions to generate a regression model 65
predicting a probability of a level of engagement of
the patient, based on the respective assessments
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performed on the plurality of previous instances of
the health condition assessments of the patient;

program 1nstructions to receive a current set of patient
health information, results of natural language pro-
cessing of a dialog between the patient and a current
provider performing a current assessment of the
health condition of the patient, as well as observa-
tions of the patient, and monitoring of environmental
conditions 1 which the current assessment 1s con-
ducted;

program 1nstructions to apply the current set of patient
health information and the dialog, observations of
the patient, and environmental conditions monitored
during the current assessment, to the regression
model; and

in response to determining the probability of the level
of engagement of the patient to the current provider,
program 1nstructions to send the probability of the
level of engagement of the patient predicted by the
regression model to the current provider.

10. The computer program product of claim 9, wherein
the current set of patient health information includes vital
signs, health information from wearable devices and health
applications of the patient, health history from accessible
clectronic records of the patient, and sentiment of the patient
from social media content of the patient.

11. The computer program product of claim 9, further
comprising;

program instructions to determine a topic and correspon-

dence of questions by the current provider and
responses by the patient by applying natural language
processing and semantic analysis to the dialog between
the patient and the current provider performing the
current assessment of the health condition of the
patient; and

program 1instructions to determine whether the responses

by the patient indicate positive features of engagement
of the patient to the current provider.

12. The computer program product of claim 9, wherein
the probability of the level of engagement of the patient with
the current provider 1s based on the current set of patient
information including sleep patterns, the environmental con-
ditions monitored during the current assessment of the
health condition of the patient, and the dialog between the
patient and the current provider.

13. The computer program product of claim 9, further
comprising:

program 1instructions to stream audible content of the

dialog between the patient and the current provider to
the natural language processing and a semantic analy-
s1s; and

program 1instructions to monitor noise level, temperature,

additional people present, and background movement
of the environmental conditions of the current assess-
ment.

14. The computer program product of claam 9, further

comprising;

program instructions to provide a suggestion ol question-
ing to the current provider to improve the level of
engagement of the patient; and

program 1instructions to delay an entry of the current
assessment of the health condition of the patient into
clectronic health records subsequent to the current
provider reconfirming a diagnosis associated with the
current assessment of the patient.
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15. A computer system for determining a level of engage-
ment of a patient with a provider, the computer system
comprising;

one or more computer processors;

one or more computer readable storage media; and

program 1nstructions stored on the one or more computer

readable storage media, the program instructions com-

prising:

program 1instructions to retrieve previous health infor-
mation of a patient and including a plurality of
previous instances of health condition assessments
ol a patient;

program 1nstructions to generate ground-truth health
conditions of the patient based on an assessment
performed on the plurality of the previous instances
ol the health condition of the patient, respectively, in
which the assessment includes the health informa-
tion of the patient, an expert review of a level of
engagement of the patient, observations of the
patient 1including eye contact, body language,
response time to provider’s questions, response rep-
ctition, and monitoring of environmental conditions
that include background noise, activity, and detec-
tion of others present at the time of the assessment;

program 1nstructions to generate a regression model
predicting a probability of a level of engagement of
the patient, based on the respective assessments
performed on the plurality of previous instances of
the health condition assessments of the patient;

program 1instructions to receive a current set of patient
health mnformation, results of natural language pro-
cessing of a dialog between the patient and a current
provider performing a current assessment of the
health condition of the patient, as well as observa-
tions of the patient, and monitoring of environmental
conditions in which the current assessment 1s con-
ducted:

program instructions to apply the current set of patient
health mnformation and the dialog, observations of
the patient, and environmental conditions monitored
during the current assessment, to the regression
model; and

in response to determiming the probability of the level
ol engagement of the patient to the current provider,
program 1nstructions to send the probability of the
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level of engagement of the patient predicted by the
regression model to the current provider.

16. The computer system of claim 15, further comprising:

program instructions to determine a topic and correspon-
dence of questions by the current provider and
responses by the patient by applying natural language
processing and semantic analysis to the dialog between
the patient and the current provider performing the
current assessment of the health condition of the
patient; and

program 1instructions to determine whether the responses
by the patient indicate positive features of engagement
of the patient to the current provider.

17. The computer system of claim 15, wherein the prob-
ability of the level of engagement of the patient with the
current provider 1s based on the current set of patient
information including sleep patterns, the environmental con-
ditions monitored during the current assessment of the
health condition of the patient, and the dialog between the
patient and the current provider.

18. The computer system of claim 15, further comprising:

providing a suggestion of questioning to the current
provider to improve the engagement level of the
patient; and

delaying an entry of the current assessment of the health
condition of the patient into electronic health records
until the current provider reconfirms a diagnosis asso-
ciated with the assessment of the patient.

19. The computer system of claim 15, wherein the health
information of the patient from a plurality of source 1is
retrieved from the patient’s wearable devices, health appli-
cations, electronic health history of the patient, data from
previous patient-provider dialogs, and social media data.

20. The computer system of claim 15, wherein the results
of natural language processing of a dialog between the
patient and the current provider performing the assessment
of the condition of the patient include data determining a
topic of respective questions asked by the current provider
and topic, sentiment, and alignment of responses by the
patient to the respective questions asked by the current
provider.
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